A Gram-stain-positive, endospore-forming, long rod-shaped, strictly aerobic, moderately halophilic bacterium, designated strain T9B T , was isolated from a brine sample of the hypersaline lake Aran-Bidgol in Iran. Cells of strain T9B
Moderately halophilic bacteria are a group of micro-organisms that are able to grow optimally in media containing 0.5-2.5 M (3-15 %, w/v) NaCl (Kushner & Kamekura, 1988) . They constitute a heterogeneous group of microorganisms including species belonging to various genera, such as Halomonas (Vreeland et al., 1980) , Marinobacter (Gauthier et al., 1992) , Halobacillus (Spring et al., 1996) , Salinivibrio (Mellado et al., 1996) , Virgibacillus (Heyndrickx et al., 1998) , Gracilibacillus (Wainø et al., 1999) , Filobacillus (Schlesner et al., 2001) and Lentibacillus (Yoon et al., 2002) . Moderately halophilic bacteria produce compounds of industrial interest, such as compatible solutes, biopolymers, carotenoids or extracellular hydrolytic enzymes that exhibit optimal activities at various ranges of salt concentrations, pH and temperatures (Margesin & Schinner, 2001; Mellado & Ventosa, 2003; Shivanand & Mugeraya, 2011) . The potential applications of halophiles in biotechnology as well as the wide distribution of saline environments worldwide
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On: Wed, 12 Dec 2018 02:49:40 have led to the identification of several new halophilic taxa in the last decade (de la Haba et al., 2011) .
The genus Oceanobacillus was first described by Lu et al. (2001) and its description was emended by Yumoto et al. (2005) , Lee et al. (2006) and Hirota et al. (2013) to accommodate Gram-stain-positive, endospore-forming rods which are motile by means of peritrichous flagella. Their ellipsoidal endospores are subterminal or terminal within swollen sporangia. They are obligately aerobic or facultatively anaerobic, obligately or facultatively alkaliphilic and able to grow at 0-22 % (w/v) NaCl. At the time of writing, the genus comprises 22 species with validly published names (http://www.bacterio. net/oceanobacillus.html; Euz eby, 1997; Parte, 2014) . The aim of the present work was to describe the isolation and polyphasic characterization of a novel moderately halophilic microorganism from a hypersaline lake in Iran, and we propose that this strain represents a novel species of the genus Oceanobacillus.
Strain T9B
T was isolated from a water sample (pH 7.1, salinity 31 %) of Aran-Bidgol salt lake, the largest playa in the centre of Iran. The strain was isolated by diluting the sample in sterile 10 % (w/v) NaCl solution, plating on 7.5 % HM medium and incubating at 35 C aerobically. The 7.5 % HM medium contained (g l À1 ): NaCl, 60.75; MgCl 2 .6H 2 O, 5.25; MgSO 4 .7H 2 O, 7.2; CaCl 2 .2H 2 O, 0.27; KCl, 1.5; NaHCO 3 , 0.045; NaBr, 0.0195; proteose-peptone no. 3, 5; yeast extract, 10; and glucose, 1; solidified with 1.5 % agar (Ventosa et al., 1982) . The pH of this medium was adjusted to 7.5. After successive cultivation, a pure isolate, designated strain T9B
T , was obtained and routinely grown on 7.5 % HM solid medium at 35 C. The strain was maintained on the same 7.5 % HM slants at 4 C and at À80 C on this medium without agar and supplemented with 30 % (v/v) glycerol for long-term preservation.
The characterization of this strain was achieved by following a polyphasic approach, including conventional phenotypic features, chemotaxonomic data (polar lipid, fatty acid and quinone composition) and molecular analysis (16S rRNA gene sequence similarity and DNA-DNA relatedness).
To phenotypically characterize strain T9B
T , standard phenotypic tests were selected according to the recommendations of the minimal standards for describing aerobic, endospore-forming bacteria (Logan et al., 2009) and the notes on the characterization of prokaryote strains for taxonomic purposes (Tindall et al., 2010) . The genomic DNA of the new isolate was extracted with a DNA extraction kit (High Pure PCR Template Preparation Kit; Roche) according to the manufacturer's protocol and the 16S rRNA gene was amplified using the bacterial universal primers 27F and 1492R (Lane et al., 1985) . Direct sequence determination of the PCR-amplified DNA was conducted on an ABI 3730XL DNA sequencer at Macrogen. The 16S rRNA gene sequence was aligned with the published sequences of closely related bacteria and the alignment was confirmed and checked against both primary and secondary structures of the 16S rRNA molecule using the alignment tool of the ARB software package (Ludwig et al., 2004) . Phylogenetic trees were reconstructed using three different methods, namely the maximum-parsimony (Fitch, 1971) , maximum-likelihood (Felsenstein, 1981) and neighbour-joining (Saitou & Nei, 1987) algorithms integrated in the ARB software for phylogenetic inference.
The almost-complete 16S rRNA gene sequence of strain T9B T (1484 nt) was obtained. Gene sequence analysis showed that strain T9B
T is a member of the genus Oceanobacillus. The gene sequence of the novel strain showed highest similarity to the type strains of species of the genera Ornithinibacillus and Oceanobacillus: Ornithinibacillus contaminans CCUG 53201
T and Oceanobacillus rekensis PT-11 T were the most closely species, with sequence similarities of 98.1 and 97.4 %, respectively. The sequence similarities of the novel strain to other related species, namely Oceanobacillus profundus CL-MP28
T , Oceanobacillus polygoni SA9 T and Oceanobacillus limi, were 97.3, 97.1 and 96.5 %, respectively. Phylogenetic analysis using the maximum-likelihood algorithm revealed that the novel strain represents a separate lineage within the genus Oceanobacillus (Fig. 1) . The chemotaxonomic data also support that strain T9B T belongs to the genus Oceanobacillus (see below). The phylogenetic position was also confirmed in trees generated using the neighbour-joining and maximum-parsimony algorithms (Fig. S1 , available in the online Supplementary Material).
Cell morphology was examined by light microscopy (model CX 31 2; Olympus) using cells from exponentially growing cultures. Gram staining was performed by the Burke method (Murray et al., 1994) . Physiological tests were conducted using 7.5 % HM broth or agar, unless stated otherwise. Broth cultures were incubated at 35 C in an orbital incubator at 150 r.p.m. Growth was monitored by turbidity at OD 600 using a spectroscopic method (model UV-160 A; Shimadzu). To determine the optimal temperature and pH for growth of the strain, broth cultures were incubated at temperatures of 10-50 C at intervals of 5 C and at pH 5-10 at intervals of 0.5 pH units. pH values below 6, pH 6-9 and pH values above 9 were obtained using sodium acetate/ acetic acid, Tris/HCl and glycine/sodium hydroxide buffers, respectively. Growth at different NaCl concentrations (0.5, 1.0, 2.5, 5, 7.5, 10, 15, 20, 25 and 30 %, w/v) was tested on 7.5 % HM medium at pH 7.5. The presence of endospores was investigated by using the Schaeffer-Fulton staining method (Murray et al., 1994) . Motility was analysed by the wet-mount method (Murray et al., 1994) . The relationship to oxygen of the strain was determined by the semisolid agar method (Smibert & Krieg, 1994) . Catalase, oxidase, nitrate and nitrite reduction, hydrolysis of aesculin, production of indole, methyl red and Voges-Proskauer tests were done according to the methods described by Smibert & Krieg (1994) . Hydrolysis of Tweens 20, 40, 60 and 80 was examined as described by Harrigan & McCance (1976) . Determination of acid production from carbohydrates, as well as utilization of carbon sources, was performed as described by Ventosa et al. (1982) . Antibiotic susceptibility tests were performed on Mueller-Hinton agar plus 7.5 % (w/v) sea salts (Ventosa et al., 1982) seeded with a bacterial suspension containing 1.5Â10 6 c.f.u. ml À1 using discs (HiMedia) impregnated with various antimicrobial compounds. The plates were incubated at 35 C for 48 h and the inhibition zone was interpreted according to the manufacturer's manual. Other physiological and biochemical tests were performed as described previously (Mata et al., 2002; Quesada et al., 1984; Ventosa et al., 1982) .
T was Gram-stain-positive, motile and strictly aerobic, catalase-and oxidase positive and produced oval central endospores in swollen sporangia. Cells were rods with a width of 1 µm and a length of 4-20 µm (Fig. S2) . Strain T9B
T was sensitive to amikacin (30 µg), bacitracin (10 U), cephalotin (30 µg), chloramphenicol (30 µg), erythromycin (15 µg), gentamicin (30 µg), kanamycin (30 µg), nitrofurantoin (300 µg), novobiocin (5 µg), polymyxin B (100 U), rifampicin (5 µg) and tetracycline (30 µg) but resistant to nalidixic acid (30 µg) and streptomycin (10 µg). Other phenotypic features are included in Table 1 and the species description.
For determination of DNA base composition and DNA-DNA hybridization, DNA was isolated using a French pressure cell (Thermo Spectronic) and was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) incorporating the modifications described by Huss et al. (1983) using a Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltierthermostatted 6Â6 multicell changer and a temperature controller with an in situ temperature probe (Varian).
The G+C content of the DNA of strain T9B
T was 42.9 mol%, which was higher than those of other related species in the genus Oceanobacillus (Table 1) .
Levels of DNA-DNA reassociation of strain T9B
T and its closest relatives Oceanobacillus rekensis KCTC 33144 T , Oceanobacillus profundus IBRC-M 10567 T and Oceanobacillus polygoni JCM 17252 T were 28, 23 and 21 %, respectively. According to the 70 % threshold proposed by Wayne et al. (1987) for the discrimination of species using DNA-DNA relatedness, these results support the view that the new isolate constitutes a novel species.
Cell biomass for fatty acid, isoprenoid quinone, polar lipid and cell-wall peptidoglycan analyses was obtained by cultivation in 7.5 % HM broth at 150 r.p.m. and 35 C. Cells
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Oceanobacillus were harvested in the mid-exponential growth phase. The whole-cell fatty acid composition of strain T9B
T was determined according to the standard protocol of the Microbial Identification System (MIDI, Version 6.1; Identification Library TSBA40 4.1; Microbial ID). Extracts were analysed using a Hewlett Packard model HP6890A gas chromatograph equipped with a flame-ionization detector as described by K€ ampfer & Kroppenstedt (1996) . Fatty acid peaks were identified using the TSBA40 database. The polar lipids and respiratory quinones of strain T9B
T were analysed as described by Groth et al. (1996) . Preparation and hydrolysis of the cell wall was carried out using the method of Schleifer (1985) and the interpeptide bridge in the cellwall peptidoglycan was analysed by using the method described by Schleifer & Kandler (1972) . Cell-wall hydrolysates were separated by one-or two-dimensional chromatography on cellulose thin-layer plates (Merck).
The fatty acid profile of strain T9B
T was characterized by the fatty acids anteiso-C 15 : 0 (54.2 %), iso-C 14 : 0 (14.8 %) and iso-C 16 : 0 (13.3 %) as the major components followed by anteiso-C 17 : 0 (7.5 %), C 16 : 0 (5.3 %), iso-C 15 : 0 (2.0 %), C 14 : 0 (1.5 %) and C 12 : 0 (0.5 %). The fatty acid profile was similar to those of the most closely related species Oceanobacillus rekensis KCTC 33144 T and Oceanobacillus profundus IBRC-M 10567 T , and other members of the genus Oceanobacillus, in that the branched fatty acid anteiso-C 15 : 0 was dominant. However, amounts of iso-C 14 : 0 , iso-C 15 : 0 and iso-C 15 : 0 were different from those observed for the closest phylogenetically related species (Table S1 ).
The polar lipids detected in the novel strain were phosphatidylglycerol, diphosphatidylglycerol, three phospholipids and one aminoglycolipid (Fig. S3) . The major isoprenoid quinone was menaquinone MK-7. It contained mesodiaminopimelic acid as the diagnostic diamino acid in the cell-wall peptidoglycan, similarly to the other members of the genus Oceanobacillus (Namwong et al., 2009; Hirota et al., 2013) , and distinguished this isolate from members of the genus Ornithinibacillus and other phylogenetically related taxa, which contained L-ornithine in the cell-wall peptidoglycan (Mayr et al., 2006) .
In conclusion, chemotaxonomic data based on diamino acid (meso-diaminopimelic acid) type in the cell-wall peptidoglycan and phylogenetic analysis indicate that strain T9B
T clusters with species of the genus Oceanobacillus but is not closely related to any species of this genus. The differences in several features, such as cell size, endospore position in the cell, range and optimum NaCl concentration for growth, temperature and pH ranges for growth, acid production from carbohydrates, nitrate reduction, fatty acid profile and genomic DNA G+C content can be used to distinguish this strain from phylogenetically related taxa (Table 1) . Besides, the DNA-DNA hybridization data clearly separate strain T9B
T from its most closely related species Oceanobacillus rekensis KCTC 33144 T , Oceanobacillus profundus IBRC-M 10567
T and Oceanobacillus The peptidoglycan is based on meso-diaminopimelic acid as the diagnostic diamino acid.
The type strain is T9B T (=IBRC-M 10703 T =LMG 29250 T ) isolated from water of the Aran-Bidgol hypersaline lake from Iran. The DNA G+C content of the type strain is 42.9 mol% (HPLC).
